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© A method of simulating an Integrated circuit 



© A performance enhanced simulation modeling 
technique is provided for optimizing integrated cir- 
cuit layout. The modeling technique utilizes a perfor- 
mance enhanced methodology. Namely, a physical 
design enhances performance design to ensure that 
the simulation model takes into account placement 
and interconnect when determining whether or not 
the resulting integrated circuit will operate properly 
at required speed with actual load being applied. An 
initial sizing of selected devices within a network is 

^ performed using estimated time duration and load 

^ factors. Subsequently, select devices are resized 
according to more optimal physical time duration 
and load. The entire simulation modeling is achieved 
using computer program simulation prior to the gen- 
eration of a final layout placeable upon a silicon 

^ substrate. As such, simulation methodology provides 
a flow to correct unexpected performance errors 

q resulting from physical design 
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This invention relates to a method of simulating 
an integrated circuit layout and more particularly to 
a method which determines optimal sizing of var- 
ious electronic devices to be placed upon an in- 
tegrated circuit. 

The process of manufacturing an integrated 
circuit beings with a logic/circuit sketch of various 
devices coupled together in a network necessary to 
accomplish the desired circuit outcome. Each net- 
work includes a series of electronic devices having 
the output node of one device connected to the 
input node of one or more subsequent devices. 
Each device is thereby sized to provide adequate 
drive needed for activating the subsequent con- 
nected devices. Sizing of select devices may entail 
increasing or decreasing circuit gate configuration 
to meet the desired fan-out load of the subsequent 
devices. 

Devices connected in a network must operate 
under certain timing and load constraints. Knowl- 
edge of load and time are. important in the design 
of a high performance VLSI circuit. While an elec- 
tronic device may operate perfectly well as a 
stand-alone device or under certain load con- 
straints, the same device may not operate when 
coupled to various other devices within a network. 
For example, when a device is coupled to a known 
load, the device can be configured to generally 
propagate a signal from its input node to its output 
node within an acceptable time period or duration. 
However, when the same device is coupled to a 
series of devices within a network, it may not 
operate at its targeted time duration or speed due 
to the additional loading seen at its output node. 
This problem becomes magnified whenever the 
interconnect between devices is quite large or 
small. Interconnect or routing carries with it an 
associated impedance load. Long and thin intercon- 
nect lines present a larger impedance than if the 
lines are short and wide. Moreover, as interconnect 
length is increased, resistive-capacitive constant 
also increases thereby slowing the response time 
of any signal sent through the interconnect. As 
such, longer interconnect may increase the asso- 
ciated signal time duration causing certain net- 
works to become inoperable under limited time 
constraints. High speed VLSI process technologies 
often enjoy smaller device layout, however, they 
generally have relatively^ more extensive intercon- 
nect placed between devices. The interconnect 
length may vary drastically depending upon the 
specific location in which each device is placed 
within the chip or integrated circuit area. 

In an effort to model performance of various 
networks under load, traditional layout methodolo- 
gies utilize computer simulation techniques. Com- 
puter simulation entails placing an estimated load 
impedance at the output node of each device. 



Given the estimated load, a time propagation or 
duration between activation of input node and out- 
put node can be formulated. The estimated load 
and estimated time duration for each device is 

5 thereby presented to the computer as input in 
order to determine whether or not the various net- 
works or paths can timely produce a desired output 
(i.e., whether or not they can operate at speed). 
Various networks which barely exceed the time 

io constraints necessary to produce an output are 
denoted as "critical networks." Once critical paths 
have been identified, the designer often tunes or 
sizes the circuits of selected devices within the 
paths to ensure all networks, and especially the 

is critical networks, meet the speed performance 
goal. 

The sizing process may involve changing the 
gate widths or lengths of circuits within each device 
so that the respective device produces greater or 

20 less drive to the estimated load. After specified 
devices and sized, the resulting network is then 
physically placed via photolithography onto a wa- 
fer. Unfortunately, sizing changes are generally 
performed without knowledge of where the devices 

25 are to be physically located upon or within the 
integrated circuit area. As such, the designer will 
not have knowledge of the amount of interconnect 
coupled between devices. For example, a device at 
the chip's upper left hand corner which is to con- 

30 nect to a device at the lower right hand corner 
must have increased drive capability necessary to 
offset the added load impedance associated with 
the lengthy interconnect. In VLSI designs, cross- 
chip interconnect can be several thousand microns 

35 or more, thereby adding to the potential variability 
of the interconnect length. Unless the chip designer 
can somehow predict or dictate approximately 
where each device will be physically located upon 
the chip, he or she cannot accurately determine 

40 whether or not each critical network can meet the 
speed requirements necessary for circuit operation. 

Traditional layout methodologies generally in- 
volve computer simulation without knowledge of 
physical layout parameters and/or device locations. 

45 After simulation under estimated load and time 
duration is accomplished, selected devices are siz- 
ed and a final layout is then sent to the mask shop 
for processing upon silicon. The designer generally 
does not know whether the critical networks of the 

so final layout will operate at speed until the first 
silicon samples are tested. If first silicon does not 
operate properly, the designer must resize specific 
circuits and form another final layout for the pro- 
duction of second silicon. Not only is silicon revi- 

55 sions costly, but it is also time consuming. In 
today's marketplace it is imperative that manufac- 
turers quickly present an operable work product to 
customers. Thus, marketplace dictates that first sili- 
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con be operable at the performance goals set by 
the designer. Subsequent revisions, which may 
take several weeks, must be avoided. 

The problems outlined above are in large part 
solved by the described preferred arrangement of 
the present invention. That is, the methodology 
described utilizes simulated placement and routing 
of interconnect upon a modeled integrated circuit 
area prior to resizing of selected devices. Place- 
ment prior to resizing allows the designer to as- 
certain a physical load impedance and physical 
time duration much closer to the actual load and 
time duration then conventional estimated load and 
time duration. Thus, "physical load" and "physical 
time duration" denotes respective load and time 
duration substantially equal to actual load and time 
duration for each device placed upon the operating 
network. 

The present arrangement performs initial 
benchmark sizing using estimated load and es- 
timated time duration as in conventional computer 
simulated sizing methodology. However, the 
present arrangement further models each device 
and network within an integrated circuit area and 
then simulates actual routing between devices in 
order to obtain physical load and physical time 
duration. Physical load and physical time duration 
can be then used for subsequent computer simula- 
tion in order to more accurately determine subse- 
quent sizing, or "resizing," necessary for optimal 
circuit performance. Knowing physical loads and 
time durations thereby allows the designer to re- 
size certain select devices in order to take into 
account the variability of interconnect placed be- 
tween devices. As such, the present invention 
achieves true performance enhanced layout design 
modeling of an integrated circuit which functions at 
or substantially near actual timing and load con- 
straints before silicon is fabricated. The estimated 
time duration and estimated load associated with 
conventional methodologies do not provide ade- 
quate information to the designer and, accordingly, 
is enhanced by using actual physical time duration 
and physical load as simulation inputs to achieve a 
more optimal model according to the present in- 
vention. The methodology hereof provides a flow to 
correct unexpected performance errors resulted 
from physical design. In conventional methods, 
without the capability to correct for such errors, 
designers may try to minimize such problems by 
making costly assumption during performance and 
physical designs such as presenting a more con- 
servative interconnect load model or a more re- 
stricted timing constraint. The assumptions may 
prove incorrect resulting in wasted silicon and de- 
sign time. 

We will describe a preferred integrated circuit 
layout methodology. The present methodology 



comprises providing a plurality of electronic de- 
vices, wherein each device has an input node, an 
output node and an estimated time duration be- 
tween activation of the input and respective output 

s node. The electronic devices operation is modeled 
on a computer simulated program capable of simu- 
lating an input signal upon the input node of each 
modeled device. Select devices are then sized in 
accordance with a first computer simulated output 

10 signal responsive to the input signal in order to 
achieve an optimal time duration and voltage mag- 
nitude. An important aspect is the subsequent step 
of modeling the placement and routing of each 
device at specific locations within a simulated in- 

75 tegrated circuit' area. The computer simulated input 
signal is then reapplied at the input node of each 
device to effect resizing of select devices and to 
achieve a second computer simulated output signal 
from each output node of optimal time duration and 

20 voltage magnitude. Because the computer simu- 
lated input signal is reapplied after the modeled 
place and route step, the second computer simu- 
lated output signal depicts a truer reading then the 
first computer simulated output of an integrated 

25 circuit performing according to final layout param- 
eters. Being more accurate, the second computer 
simulated output signal provides a more accurate 
depiction of circuit operation necessary for preci- 
sion resizing of select devices. 

30 The described arrangement furhter contem- 
plates choosing each specific electronic device 
used in each network from a library of layout cells. 
Each device layout cell having an associated es- 
timated load impedance and estimated time dura- 

35 tion. 

The described arrangement still further con- 
templates adjusting the specific location in which 
select electronic devices are placed. The resizing 
step and adjusting step may be repeated to obtain 
40 a final layout configuration. A mask embodying the 
final layout configuration may be generated, where- 
by the final layout may be processed upon a 
silicon substrate to produce an integrated circuit. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantage of the invention 
will become apparent upon reading the following 
detailed description and upon reference to accom- 
50 panying drawings in which: 

Fig. 1 is a logic diagram of an exemplary net- 
work of electronic devices capable of being 
modeled according to the present invention; 
Fig. 2 is a circuit diagram of the logic diagram 
55 of Fig. 1 with associated loads according to the 
present invention; 

Fig. 3 is a partial topographical diagram of the 
circuit in Figs. 1 and 2 placed upon an in- 
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tegrated circuit area according to the present 
invention; 

Fig. 4 is a partial topographical diagram of the 
circuit in Figs. 1 and 2 having a resized device 
placed upon an integrated circuit area according 
to the present invention; and 
Fig. 5 is a flow diagram of the enhanced in- 
tegrated circuit layout methodology according to 
the present invention. 

While the invention is susceptible to various 
modifications and alternative forms, specific em- 
bodiments thereof are shown by way of example in 
the drawings and will herein be described in detail. 
It should be understood, however, that the draw- 
ings and description thereto are not intended to 
limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all 
modifications, equivalents and alternatives falling 
within the spirit and scope of the present invention 
as defined by the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now to the drawings, Fig. 1 illustrates a 
network 10 containing a plurality of electronic de- 
vices 12. As defined herein, device 12 includes any 
circuit which provides a specific output signal in 
response to a specific input signal. Exemplary such 
devices include, but are not limited to, inverters, 
nand gates, nor gates, registers, counters, mul- 
tiplexers, encoders, buffers, flip flops, transmission 
gates (or pass gates), diodes, etc. Each device 12 
is shown having at least one input node, and at 
least one output node and a specific propagation 
delay or time duration between activation of an 
input node and subsequent activation of an output 
node. Network 10 is but one example of many 
different types of networks which may be used in 
an integrated circuit. Therefore, network 10 is illus- 
trated for exemplary purposes only and is not 
limiting of the various types of device combinations 
or networks which can be simulated and sized by 
the present invention. 

Network 10 may require operation within a cer- 
tain timing constraint, whereby each device 12 
must have a time duration not exceeding a specific 
value. For example, the total time allocated for 
operation of network 10 may be ten nanoseconds. 
As such, devices 12a and 12b may be constrained 
to operate in less than three nanoseconds, device 
12c to operate in less than four nanoseconds and 
devices 12d and 12e to operate in less than three 
nanoseconds in order that the total network time 
constraint is less than ten nanoseconds. Devices 
12a and 12b must propagate the input signal at 
approximate the same time duration to present a 
substantially simultaneous input signal upon device 
12c. 



Timing constraints are target constraints by 
which network 10 must operate in order to achieve 
required speed and optimal performance of the 
integrated circuit embodying network 10. Computer 

5 simulation methodology of prior designs begin by 
choosing a specific cell layout for each device 12 
and assigning that cell layout to having an es- 
timated time duration and estimated output load. 
These estimated values are necessary in perform- 

70 ing computer simulation needed for subsequent 
sizing of each device. As shown in Fig. 2, each 
device 12 can be represented at a transistor level. 
A suitable transistor technology includes field effect 
transistors (FET) such as MOS or bipolar; however, 

15 other technologies are equally suitable for simula- 
tion by the present invention. As illustrated in Fig. 
2, actual loads 14 (impedance and/or capacitance) 
caused by physical layout is present at the output 
node of each device. Load 14 may or may not be 

20 equal to the estimated load used by conventional 
circuit simulation models. In fact, actual load 14 is 
usually greater than or less than the estimated load 
values, depending upon (i) the length of intercon- 
nect placed between devices 12 and (ii) the input 

25 load impedance and capacitance of subsequent 
connected devices 12. Thus, actual load 14 be- 
comes a factor of the specific location in which 
each device 12 is placed upon a silicon surface 
area and is also a factor of the cell layout chosen 

30 from the cell library representative of each device 
12. For example, if nand gate 12c has associated 
with it a fairly large input impedance and capaci- 
tance, and if the interconnect between inverter 12a 
and nand gate 12c is fairly long, then inverter 12a 

35 may need to be sized to provide additional drive 
needed to activate nand gate 12c at substantially 
the same time in which nand gate 12b activates 
nand gate 12c. Otherwise, network 10 may be 
inoperable at the targeted operation speed. 

40 Figs. 1 and 2 illustrates the importance in at- 
tempting to model the load and time duration of 
each device 12 as accurately as possible. How- 
ever, until the designer places and routes each 
device 12 upon the chip area, close modeling of 

45 load and time duration is difficult at best. Any 
change of one or more device parameters may 
effect all devices 12 within the network 10. there- 
fore, it becomes imperative that final or near final 
modeled layout be achieved knowing approximate- 
so ly where each device 12 will be located upon the 
integrated circuit area, and so that sizing of select 
devices 12 is achieved with relatively few iter- 
ations. 

Turning now to Fig. 3, a partial topographical 
55 diagram of various layout cell structures 16 repre- 
senting devices 12 are connected together as net- 
work 10 configured within an integrated circuit area 
36. As defined herein, "integrated circuit area" 
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refers to a computer simulated area modeled to 
represent the actual final layout area. Integrated 
circuit area does not imply actual final physical 
layout area or that the devices are actually placed 
upon an area of actual silicon substrate. The 
present methodology is for simulation modeling 
before the devices are actually placed upon silicon. 
First device 12a is shown in simulated layout form 
as cell 16a. Cell 16a illustrates simulated areas of 
diffusion, etch, deposition, etc. of various structures 
such as polysiiicon, metal, silicon dioxide, nitride, 
etc. generally well known in the art and necessary 
for fabrication of an integrated circuit. Specifically, 
cell 16a is partially representative of the topo- 
graphical layout of inverter 12a having polysiiicon 
gate 18 placed over gate oxide 20 of, e.g., p- 
channel and n-channel transistors as well known in 
the MOS art. The output node may be coupled 
together as metal 22 via contact regions 24 as 
shown. It is understood, however, that other forms 
of contact or routing may be used, and that all 
forms of layout suitable to provide the necessary 
device outcome falls within the scope and spirit of 
the present invention. Output node 26 is shown 
connected to cell 16c which, in the example given 
in Figs. 1 and 2, is the input of a two input nand 
gate. Moreover, input node 28 of cell 16a is shown 
coupled to cell 16b (exemplary device being a two 
input nand gate 12b). In prior designs, routing 30 
placed between cells 16 is not formed until after 
simulation is complete. Thus, prior art modeling 
designs will not provide the designer with knowl- 
edge of the extent of routing 30 nor the approxi- 
mate gate sizes of subsequent connected cells 
such as 16c, 16d and 16e. However, as will be 
explained below, the present modeling design per- 
forms simulation both before and after routing 30 is 
modeled and both before and after approximate 
gate sizes of cells 16 are chosen and initially sized. 

Fig. 4 illustrates what might arise after place- 
ment of device cells 16 and routing of interconnect 
at approximate locations upon an integrated circuit 
area 36. A rather lengthy and contorted intercon- 
nect routing 32 may be necessary as a result of 
placement and routing constraints. Routing 32 
which connects output node 26 of first device cell 
16a to a second device cell 16c may require re- 
routing to avoid congested areas and may also 
have associated with it various jumpers from, e.g., 
polysiiicon to metal, polysiiicon to nitride, metal to 
polysiiicon, first metal to second metal, first poly- 
siiicon to second polysiiicon, etc. Further, cell 16c 
shown in Fig. 4, may require reconfiguration to be 
smaller than the initial chosen cell (possible due to 
the reconfigured cell not requiring as much pass 
through interconnect lines or due to the reconfig- 
ured cell having smaller gate sizes, etc.). Due to 
reconfigured cell 16c and elongated routing 32, cell 



16a may require more drive. As such, gate width 
34 of both the p-channel and n-channel transistors 
are shown larger than the gate widths illustrated in 
Fig. 3. It is understood that other methods of in- 

5 creasing drive (or decreasing drive) can be effec- 
tuated in order the achieve the desired result be- 
yond merely increasing or decreasing the gate 
widths. For example, the gate lengths can be de- 
creased or increased as well as external buffer 

70 circuitry added or subtracted to achieve the same 
result. Still further, interconnect routing 32 can be 
widened to offset the lengthened routing. There- 
fore, "sizing" and "resizing" as defined herein re- 
fers to any form of reconfiguration associated with 

75 any device or routing placed upon the integrated 
circuit area to achieve simulated optimal perfor- 
mance result. 

Referring now to Fig. 5, a flow diagram is 
shown illustrating an enhanced integrated circuit 

20 layout methodology according to the present inven- 
tion. The precision modeling technique described 
herein utilizes both a performance design tech- 
nique and a physical design technique to allow a 
more comprehensive modeling at or near the ac- 

25 tual, final circuit layout configuration. The present 
modeling technique begins with performance de- 
sign steps 54 generally found in conventional mod- 
eling, but adds to the performance technique sev- 
eral physical design steps 56 using physical time 

30 duration and physical load after the devices and 
related interconnect are modeled upon an inte- 
grated circuit area to affect a more accurate re- 
sizing of select devices. Modeling takes place us- 
ing a program which interfaces with a simulation 

35 program commonly known in the art, such as 
GARDS, manufactured by Silvar-Lisco, Inc. of 
Sunnyvale California. GARDS is mostly written in C 
language except a small portion of the automatic 
routing routine which is written in FORTRAN. 

40 GARDS program can be run on workstations manu- 
factured by Apollo Corporation of Chelmsford, MA. 
GARDS can also be run on workstations model no. 
700 series manufactured by Hewlett Packard Cor- 
poration of Sunnyvale, CA, or model no. RS6000 

45 manufactured by I.B.M. Corporation of Armonk, NY. 
Automatic place and route programs, such as 
GARDS (gate array design system), provide an 
automatic cell-based layout tool. Interactive place- 
ment and automatic routing are achieved by the 

so simulation programs which are then back annotated 
into physical design steps described herein. The 
physical design steps are thereby performed know- 
ing approximate locations of each modeled device 
upon the integrated circuit area. Thus, resizings are 

55 performed not under estimated load and time dura- 
tions but under more accurate load and time dura- 
tions obtained from simulated place and route pro- 
grams such as GARDS. 
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The first step shown in Fig. 5 is that of choos- 
ing one or more electronic devices 12 from a 
library of devices as shown in step 38. Generally, 
integrated circuit manufacturers have numerous 
cell libraries stored in computer memory which can 
be drawn upon and placed at selected location 
within a network 1 0. There may be several different 
cells representing, e.g., an inverter circuit depend- 
ing upon the input and output locations as well as 
the mandated shape and size restrictions (i.e., pos- 
sibly due to pass-through routing or absence there- 
of). The cell library is thereby called upon and 
specific cells having specific time delays and load 
factors denoted in the computer simulated pro- 
gram. 

Each cell chosen from the library of ceils has 
associated with it time delay characteristics such 
as intrinsic time delay as well as transition (exter- 
nal) delay. Intrinsic delay is delay associated with 
the specific cell function absent any external con- 
nection, whereas transition delay is a function of 
interconnect attached to the cell as well as the 
loads of subsequent connected devices. A timing 
path, consisting of a chain of one or more devices, 
has an associated time delay needed for a signal 
to propagate through the path. There are many 
ways to assign time allowances or time durations to 
each device within the path so that the sum of all 
devices' time durations is less than or equal to the 
delay limit of the path. Devices are normally sized 
according to their time duration. Each cell also has 
certain intrinsic and extrinsic load factors. The time 
duration and load factors, both intrinsic and extrin- 
sic, can only be estimated at the performance 
stages 54 since the operator cannot be certain as 
to how many subsequent connected devices might 
be utilized in the network. The designer, whose 
network the computer models, does not generally 
know the magnitude of interconnect or the amount 
of resizing necessary for subsequent connected 
devices at the performance stages 54. Therefore, 
he or she must estimate the best they can those 
values and input them into the computer simulation 
model as shown by blocks 42 and 44. 

Once the chosen cells are interconnected and 
the estimated values are input, a computer gen- 
erated input signal is placed upon the modeled 
network 10 as shown by block 46. The input signal 
can be of any value and is preferably chosen at the 
magnitude and speed necessary for actual opera- 
tion. Input signal can be varied to "stress" the 
critical networks in order to determine whether or 
not they can meet the speed requirements under 
severe conditions. If one or more critical networks, 
or any other network, does not operate properly, a 
first simulated output signal can be measured to 
indicate any such improper operation. Measure- 
ment of the first output signal is shown by step 48. 



If the resulting measurement indicates improper 
operation, one or more devices 12 within one or 
more networks 10 can be sized such that subse- 
quent computer simulation will produce proper op- 

s eration of each and every network. Thus, sizing 
step 50 may be an iterative process and is prefer- 
ably convergent upon an optimal solution. How- 
ever, in some circumstances, a change in one 
device may cause various changes in other de- 

w vices thereby preventing a convergent solution. In 
such a case, the operator may find it necessary to 
adjust the variable parameters of the simulation 
model. 

Once initial sizing is complete, performance 

is design 54 is also complete. However, if final layout 
is performed under performance design 54 only, 
then the resulting integrated circuit may not op- 
erate at speed. Due to unforeseeable variations in 
interconnect routing and device resizing, the actual 

20 loads may not be substantially equal to the es- 
timated load values. Thus, second and third silicon 
revisions may have to take place. In an effort to 
solve this problem, the present invention utilizes a 
physical design 56 subsequent to performance de- 

25 sign 54. 

Physical design • begins by taking the select 
electronic devices, of which some devices were 
previously sized, and placing those devices at spe- 
cific locations within an integrated circuit area 36. 

30 This step of placing and routing devices and inter- 
connect, respectively, is shown by block 52. The 
computer performs the placement routine using a 
program which interfaces with automatic place and 
route programs described above. Specifically, the 

35 program receives input cell configuration and node 
locations for each device. An internal representa- 
tion of each cell is then modeled at specific loca- 
tion areas stored in the computer memory. Each 
device model is adapted to receive computer input 

40 signals, or clocking signals, used to trace and 
identify timing points so that time delay between 
specific points, called timing paths, can be ascer- 
tained. Timing paths with performance problems 
can be corrected by a resizing step described 

45 below. By interfacing with automatic place and 
route programs, the present methodology can sim- 
ulate placement and routing of interconnect be- 
tween devices 12 having approximately the same 
size as what is encountered by the final layout. The 

50 program of simulating place and route is written 
partly in LISP language and partly in C language. 
The program is compiled and performed on Apollo, 
Inc. of Chelmsford, MA model no. DN3000 and 
DN4000, or on Hewlett Packard, Inc. of Sunnyvale 

55 CA model no. 400 series workstations. 

Once specific locations and interconnect geom- 
etry are substantially fixed, the designer can as- 
certain a physical time duration and physical load 
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which is substantially closer to the actual time 
duration and actual load than that of the estimated 
time duration and estimated load. Thus, having 
physical time duration and load as its input, the 
computer simulation during physical design 56 can 
reapply the computer simulated input as shown by 
block 58 with truer variables shown by blocks 60 
and 62. A second simulated output signal is there- 
by produced and, based upon the timing and mag- 
nitude of that signal, computer simulation modeling 
determines whether or not optimal, required perfor- 
mance is achieved as shown by decision block 64. 
If the measured second simulated output signal 
does not show proper result, then select electronic 
devices are resized 66 and possibly the placement 
of devices are adjusted 68 upon the modeled cir- 
cuit area. 

Resizing and placement adjustment can be an 
iterative process and may require several oper- 
ations in order to produce a convergent solution. 
Preferably, since physical design 56 follows an 
initial performance design benchmark, a solution is 
more likely to converge knowing that a modeled 
sizing configuration near that of the final layout size 
value has been previously determined. Once the 
solution converges, preferably after one or after 
only a few interations, the simulated layout solution 
is verified and a final layout is produced 70. Ac- 
cording to techniques standard in the art, the final 
layout is digitized and sent through pattern genera- 
tion (PG) to a mask production step 72. Thereafter, 
a wafer can be processed from the generated 
mask as shown by step 74. The wafer produced by 
the modeling technique of the present invention 
preferably operates without having to generate sub- 
sequent masks or fixes to the initial mask. Thus, 
the present methodology preferably produces first 
silicon which operates at the desired speed and at 
the resulting actual load. 

It will be appreciated by the skilled in the art 
having benefit of this disclosure that this invention 
is believed to be capable of having applications 
with numerous types of devices 12 and networks 
10, or with numerous dissimilar types of transistor 
technology. Furthermore, it is also to be under- 
stood that the form of the invention shown and 
described is to be taken as an exemplary preferred 
embodiment. Various modifications and changes 
may be made without departing from the spirit and 
scope of the invention as set forth in the claims. It 
is intended that the following claims be interpreted 
to embrace all such modifications and changes 
which provide substantially the same function as 
that described herein. 



Claims 

1. A method of simulating an integrated circuit 
comprising the steps of: 

5 providing a model of electronic devices, 

each device having an input node, an output 
node and an estimated time duration between 
activation of said input node and said output 
node; 

10 applying a computer simulated input signal 

upon each said input node; 

sizing select said plurality of electronic de- 
vices to achieve a first computer simulated 
output signal from each said output node hav- 

15 ing optimal time duration and voltage mag- 

nitude; 

configuring a model of each said device at 
specific locations within an integrated circuit 
area; 

20 reapplying said computer simulated input 

signal upon each said input node; and 

resizing select said electronic devices to 
achieve a second computer simulated output 
signal from each said output node of optimal 

25 time duration and voltage magnitude. 

2. The method as claimed in claim 1, wherein 
said configuring step comprises connecting the 
output node of a first electronic device to an 

30 input node of a second electronic device. 

3. The method as claimed in claim 2, wherein the 
output node of said first device comprises a 
physical load impedance substantially equal to 

35 the impedance of an interconnect placed be- 
tween said first and second device and the 
impedance at the input node of said second 
device. 

40 4. The method as claimed in claim 3, wherein 
said configuring step comprises determining 
said physical load impedance as a function the 
specific location in which said first and second 
electronic devices are placed and routed within 

45 said integrated circuit area. 

5. The method as claimed in claim 3, further 
comprising utilizing said physical load imped- 
ance to achieve optimal performance of said 

so plurality of electronic devices. 

6. The method as claimed in claim 1, wherein 
said reapplying step comprises determining 
physical time duration between activation of 

55 the output node of said first device with re- 

spect to activation of the input node of said 
first device. 
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7. The method as claimed in claim 6, wherein 
said configuring step comprises determining 
said physical time duration as a function of 
where said first and second electronic devices 
are placed and routed within said integrated 
circuit area. 

8. The method as claimed in claim 6, further 
comprising utilizing said physical time duration 
to achieve optimal performance of said plural- 
ity of electronic devices. 

9. The method as claimed in claim 1, wherein 
said placing and routing step comprises rout- 
ing selected cells representing said devices 
from a cell library to said specific locations 
within an integrated circuit area. 

10. A method of simulating an integrated circuit , 
comprising the steps of: 

providing a model of electronic devices, 
each device including an input node and an 
output node; 

providing an estimated load impedance at 
each said output node and an estimated time 
duration between activation of each said input 
node and respective said output node; 

applying a computer simulated input signal 
upon each input node; 

measuring a first simulated output signal 
upon each output node; 

sizing select said plurality of electronic de- 
vices in response to measured said first simu- 
lated output signal to achieve optimal perfor- 
mance at said estimated load impedance and 
time duration; 

configuring a model of each said device at 
specific locations within an integrated circuit 
area to obtain a physical load impedance and 
a physical time duration; 

reapplying said computer simulated input 
signal upon each said input node; 

measuring a second simulated output sig- 
nal upon each output node; and 

resizing select said plurality of electronic 
devices to achieve optimal performance at said 
physical load impedance and said physical 
time duration. 

11. A method as claimed in claim 10, wherein said 
step of providing a plurality of electronic de- 
vices comprises choosing a specific cell repre- 
senting circuit layout of each said electronic 
device from a cell library. 

12. The method as claimed in claim 10, wherein 
said step of providing estimated load imped- 
ance and estimated time duration comprises 
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obtaining stored estimated load impedance 
and estimated time duration for each said re- 
spective cell. 

5 13. The method as claimed in claim 10, wherein 
said physical load impedance and said phys- 
ical time duration are a function of the specific 
location in which said plurality of electronic 
devices are modeled within said integrated cir- 

w cuit area. 

14. The method as claimed in claim 10, wherein 
said resizing step comprises adjusting the spe- 
cific locations in which said plurality of elec- 

J5 tronic devices are modeled within said inte- 

grated circuit area. 

15. The method as claimed in claim 10, further 
comprising the steps of: 

20 repeating the resizing and adjusting steps 

to obtain a final layout configuration; 

generating a mask embodying said final 
layout configuration; and 

processing said final layout configuration 
25 upon a silicon substrate to produce an in- 

tegrated circuit. 

16. The method as claimed in claim 15, wherein 
said integrated circuit operates having an ac- 

30 tual output signal substantially closer to said 
second computer simulated output than said 
first computer simulated output. 

17. A method of laying out an integrated circuit, 
35 comprising the steps of: 

selecting a model of a plurality of elec- 
tronic devices from a library containing said 
devices, each said device having an input 
node and an output node and an estimated 
40 load impedance at each said output node and 

an estimated time duration between activation 
of each said input node and respective said 
output node; 

applying a computer simulated input signal 
45 upon each said input node; 

measuring a first simulated output signal 
upon each said output node; 

sizing select said plurality of electronic de- 
vices to achieve optimal performance at said 
so estimated load impedance and said estimated 

time duration; 

configuring a model of said devices at 
specific locations within a integrated circuit 
area to obtain a physical load impedance and 
55 a physical time duration; 

reapplying said computer simulated input 
signal upon each said input node; 

measuring a second simulated output sig- 
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nal upon each said output node; 

resizing select said plurality of electronic 
devices to achieve optimal performance at said 
physical load impedance and said physical 
time duration; 5 

adjusting select said plurality of electronic 
devices within said integrated circuit area; 

repeating the resizing and adjusting steps 
to obtain an actual layout configuration; and 

processing said final layout configuration io 
upon a silicon substrate to produce an in- 
tegrated circuit. 
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